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Abstract

The effects of Reynolds number and turbulence on surface heat-transfer rates
are numerically investigated for a 0.015 scale X-34 vehicle at wind tunnel con-
ditions. Laminar heating rates, non-dimensionalized by Fay-Riddell stagnation
heating, do not change appreciably with an order of magnitude variation in
Reynolds number. Modeling a turbulent versus laminar boundary layer at the
same Reynolds number increases the windside heating by a factor of four, por-
tions on the leeside by a factor of two, and causes a 30 percent increase in
wing leading edge heating. A discrepancy between laminar and turbulent heat-
ing trends on the windside centerline is explained by the presence of attached
windside vortices in the laminar solutions, structures that are inhibited by the
turbulence modeling.

Nomenclature

Cb Drag coefficient

CL Lift coefficient

Cu Pitching-moment coefficient

Cp Pressure coefficient

i,j,k  Streamwise, circumferential, and body-normal computational indices
L/D  Lift-to-drag ratio

M Mach number

Q Nondimensionalized heat-transfer rate
R, Reynolds number based on model length
T Temperature, K

\%4 Velocity magnitude, m/s

z,y,2z Cartesian coordinates, m
p Density, kg/m®
Subscripts

00 Freestream

1 Introduction

X-34[1, 2] is a NASA program with Orbital Sciences Corporation as the prime
contractor[3]. The X-34 purpose is to demonstrate next-generation reusable
launch vehicle technologies. The X-34 program goals are to build a flight vehicle
with first-flight in 1999, demonstrating fully-reusable operation with efficient
ground support and quick turn-around times. It is anticipated that a more
aircraft-like operational capability will lead to greatly reduced launch costs over
current space transportation systems.

The X-34 will be air-launched from an L-1011 airplane. Landing will be
on a conventional runway. An artist’s sketch of the flight sequence, taken from
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Figure 1: X-34 flight sequence, taken from Ref. [4].

Ref. [4], is depicted in Fig. 1. Flight tests will focus on both low and high-speed
performance, with a peak Mach number of 8. Peak heating is expected to occur
around Mach 6, with turbulent flow.

NASA Langley has participated in a task agreement with Orbital Sciences
to assist in the prediction of the X-34 aerothermodynamic environment and the
analysis of the aerothermal design of the vehicle. To this end, a series of wind
tunnel experiments and numerical simulations have been performed. Berry et
al[5] and Merski[6] conducted a matrix of ground-based experimental heating
tests using the thermographic phosphor technique at Mach 6 and Mach 10 for
both laminar and turbulent flows. Kleb et al[4, 7] and Riley et al[8] have com-
puted heating rates at flight conditions covering Mach 3-7, with most of the
calculations for turbulent flow. Comparisons between the experimental heat-
ing data, extrapolated to flight values, and computations has been presented in
Refs. [4]-]7].

The present study seeks to provide overlap between the numerical and exper-
imental data sets by performing computational simulations of the X-34 vehicle
at wind tunnel conditions. The primary emphasis is on the detailed definition of
the thermal environment, though vehicle aerodynamic coefficients and flowfield
features are also presented.

2 Configuration

The geometry is a 0.015 scale model of the X-34 outer mold lines, including the
thermal protection covering, truncated at the body-flap hinge line. The body
flap and rocket nozzle were omitted from the calculations, with an assumed base
pressure equal to freestream static pressure. A depiction of the model used in
this study is presented in Fig. 2.

The model length is 0.246 m. For convenience, moments are taken about the
nose tip, the reference length for aerodynamic coefficients is the model length,
and the reference area is the model length squared.



